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Conclusion: Our	 results	 suggest	 that	 among	patients	with	KS,	memory	 deficits	 are	
principally	a	function	of	lower	general	intelligence,	while	executive-	function	deficits	
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1  | INTRODUCTION
Klinefelter	 syndrome	 (KS)	 is	 the	 most	 common	 sex	 chromosome	
disorder,	 present	 in	 150	 of	 every	 100,000	 men	 (Bojesen,	 Juul,	 &	
Gravholt,	 2003;	Nielsen	&	Wohlert,	 1990).	Caused	by	an	additional	
X	chromosome	 (47,XXY),	KS	 is	characterized	by	hypogonadism,	and	
is	 associated	with	 increased	morbidity	 because	 of	metabolic,	 endo-
crine,	 circulatory,	 respiratory,	 and	 digestive	 diseases	 (Bojesen,	 Juul,	
Birkebaek,	&	Gravholt,	2006).	The	majority	of	individuals	with	KS	also	
exhibit	some	degree	of	cognitive	deficits,	including	impaired	memory	








cognitive	deficits,	 suggesting	 the	benefit	of	 targeting	 these	patients	
for	treatment,	and	for	developing	interventions	to	address	these	defi-
cits	and	their	deleterious	effects.
In	 addition	 to	 providing	valuable	 information	 about	 the	 interac-
tion	between	KS	and	 social	 experience,	KS-	related	deficits	 can	also	
inform	 a	 number	 of	 fundamental	 questions	 about	 cognitive	 perfor-
mance:	 First,	 is	 cognitive	 performance	 simply	 a	 reflection	 of	 intelli-
gence?	Mean	scores	for	groups	of	research	patients	with	KS	lie	below	
normative	averages	on	tests	of	general	intelligence	(Fales	et	al.,	2003;	







KS	 is	 associated	 with	 higher	 levels	 of	 neuroticism	 and	 lower	 lev-
els	 of	 extraversion,	 conscientiousness,	 and	 openness	 to	 experience	




Luethi,	 Jaeggi,	 Buschkuehl,	 &	 Perrig,	 2012),	 while	 more	 agreeable-
ness	 and	openness	 to	 experience	have	been	 associated	with	better	
executive	functioning	 in	the	general	population	(DeYoung,	Peterson,	
&	 Higgins,	 2005;	 von	 Hippel,	 2007;	 Kochanska,	 Aksan,	 Penney,	 &	
Doobay,	2007).
Finally,	 how	 does	 social	 engagement	 influence	 cognitive	 per-
formance?	Like	personality,	 social	 engagement	 is	 a	broad	construct,	
comprising	diverse	elements,	such	as	interpersonal	attention,	commu-
nication,	imagination,	and	general	social	skills	and	experience.	In	some	
studies,	 individuals	with	 KS	 have	 been	 shown	 to	 exhibit	 significant	
deficits	 in	each	of	 these	areas	of	 social	 engagement	 (van	Rijn	et	al.,	




While	 many	 studies	 have	 examined	 important	 bivariate	 rela-
tionships	 between	 these	 factors	 and	KS	 status,	 research	 has	yet	 to	
examine	 the	 simultaneous	effects	of	genetic,	personality,	 and	 social	
variables	among	 individuals	with	and	without	KS,	or	how	these	 fac-
tors	 combine	 to	 determine	 differences	 in	 cognitive	 functioning.	 To	
address	these	issues,	the	current	research	investigated	the	impact	of	
intelligence,	 personality	 traits,	 and	 social	 engagement	 on	 cognitive	
performance	in	a	sample	of	patients	with	KS	and	in	a	group	of	controls	
matched	for	age	and	years	of	education.














an	 average	 of	 36.4	years.	Although	 these	 controls	were	 not	 karyo-
typed,	 and	 none	 of	 them	 exhibited	 any	 characteristics	 associated	
with	Klinefelter	 syndrome,	and	all	of	 them	had	normal	 testosterone	
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been	 registered	 at	 ClinicalTrials.gov	 (Clinical	 trial	 NCT00999310).	





crinology,	 genetics,	 and	 fertility	 clinics	 throughout	 Denmark,	 while	




color	 blindness,	 or	 substance	 abuse	were	 excluded	 from	 the	 study.	









Participants’	 personality	 traits	 were	 assessed	 using	 Revised	 NEO	
Personality	Inventory	(NEO	PI-	R),	short	form	(Costa	&	McCrae,	1992),	
which	includes	measures	of	neuroticism	(12	items),	extraversion	(12	
items),	 agreeableness	 (12	 items),	 conscientiousness	 (12	 items),	 and	
openness	 to	 experience	 (12	 items).	Neuroticism	 reflects	 to	 an	 indi-













then	combined	 to	 create	 an	overall	 score	 for	 each	personality	 type	
(McCrae	&	John,	1992).	The	reliability	of	aggregate	measures	such	as	
NEO	PI-	R	can	be	assessed	using	Cronbach′s	alpha,	with	values	closer	

































Cognitive	 functioning	 in	 this	 research	 included	 a	 general	 measure	
of	intelligence	and	two	specific	measures	of	cognitive	performance:	
working	memory	 and	 executive	 function.	 Intelligence	 was	 assessed	
in	terms	of	a	full-	scale	intelligence	quotient	(FSIQ),	which	combined	
two	 subscales	of	 verbal	 IQ—vocabulary	 (V)	 and	 similarities	 (S)—and	
two	subscales	of	performance	 IQ—matrix	reasoning	 (MR)	and	block	
design	 (BD)—from	 the	 Wechsler	 Adult	 Intelligence	 Scale,	 Third	
Edition	(WAIS-	III)	(Wechsler,	1997).	In	accordance	with	the	WAIS-	III	
Danish	 reference	material,	 each	 participant’s	 FSIQ	was	 determined	
using	 the	 following	 regression	 equation	 FSIQ	=	40.21	+	(1.13	×	S)	
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Executive function	was	assessed	using	the	Wisconsin	Card	Sorting	
Test	 (WCST),	which	 is	designed	to	measure	an	 individual’s	cognitive	










standardized	 and	 combined,	 and	 the	 sum	was	 then	divided	by	3	 to	
create	 an	 aggregate	 executive-	function	 score	 for	 each	 participant.	













of	 cognitive	performance	 (working	memory	 and	executive	 function)	
in	which	each	of	these	two	dependent	variables	–	after	entering	KS	
status	 –	was	 regressed	 on	 following	 independent	 variables	 (1)	 per-
sonality	 traits,	 (2)	 social	 engagement	measures,	 (3)	 intelligence,	 and	 






















ness.	 Relative	 to	 controls,	 patients	 with	 KS	 expressed	 significantly	
more	neuroticism,	less	extraversion,	conscientiousness,	and	openness	
to	experience	(ps	≤	.01),	but	the	two	groups	did	not	differ	significantly	























ceiving	 testosterone	 therapy	 (20.7	nmol/L	±	11.4)	were	 significantly	


















sion,	 and	openness	 to	experience)	were	combined	 to	predict	work-
ing	memory	 (dependent	 variable),	 the	 overall	model	was	 significant	
(R2	=	.19,	p <	.001),	 but	KS	 status	was	 the	only	 significant	predictor	
(p <	.001)	(see	Table	4).	When	working	memory	was	regressed	on	KS	
status	and	social	engagement	 (i.e.,	 imagination,	communication,	and	







As	 shown	 in	Table	5,	 KS	 status	 and	 personality	measures	 (i.e.,	
neuroticism,	 extraversion,	 and	 openness	 to	 experience)	 combined	
to	 significantly	 predict	 executive	 function	 (dependent	 variable)	
(R2	=	.11,	 p <	.05),	with	 KS	 status	 again	 emerging	 as	 the	 lone	 sig-
nificant	predictor	 (p <	0.01).	Executive	 function	was	also	predicted	
by	KS	status	and	social	engagement	 (i.e.,	 imagination,	communica-
tion,	and	social	skills)	 (R2	=	.17,	p <	.001),	with	KS	status	and	social	




When	 combining	 KS	 status	 and	 testosterone	 status,	 the	 overall	














































































































In	 this	 research,	 working	 memory	 deficits	 among	 patients	 with	 KS	
were	attributable	directly	 to	 lower	 intelligence	 (as	measured	by	 IQ),	
while	 their	 executive-	function	 deficits	 were	 associated	 with	 both	
lower	 intelligence	 and	poorer	 social	 skills.	Consistent	with	previous	
findings,	linking	KS	status	and	intelligence	with	cognitive	performance	
(Bender,	Linden,	&	Harmon,	2001;	Bender,	Linden,	&	Robinson,	1993;	
Boada,	 Janusz,	 Hutaff-	Lee,	 &	 Tartaglia,	 2009;	 Kompus	 et	al.,	 2011;	
O’Brien	&	Pearson,	2004;	Ross	et	al.,	2008;	Walzer,	Bashir,	&	Silbert,	






The	 significant	 links	between	KS	 status,	 social	 skills,	 and	execu-
tive	function	present	a	number	of	possibilities.	First,	KS	and	executive	






for	 while	 memory	 is	 more	 declarative,	 executive	 function	 requires	
more	abstract	conceptual	processing	to	adapt	one’s	behavior	to	ongo-
ing	changes,	including	the	flow	of	social	stimuli.	The	current	findings	
for	 the	 combined	 (KS	 and	 controls)	 path	model	 are	 consistent	with	






skills,	 the	current	 results	 indicates	 the	potential	 for	a	converse	rela-
tionship	 as	well,	 by	which	 cumulative	 social	 perceptions	 and	 expe-
riences	may	mediate	 the	 impact	 of	KS	on	 executive	 function.	 If	 so,	
executive	functioning	among	patients	with	KS	and	perhaps	others	may	






p- value Cohen’s d
69 69
Mean/Median (SD) Mean/Median (SD)
Age 36.4/35.6	(9.88) 36.4/35.9	(9.58) .97b 0.00
Testosterone	(nmol/L) 17.4/15.6	(11.2) 14.2/13.3	(5.82) .04b 0.36
Personality
Neuroticism 4.13/4.16	(0.15)a 3.90/3.93	(0.24)a <.001b 1.15
Extraversion 3.73/3.81	(0.31)a 3.95/4.03	(0.29)a <.001b 0.73
Openness 3.89/3.95	(0.23)a 4.01/4.04	(0.17)a .001b 0.60
Agreeableness 3.91/3.95	(0.21)a 3.87/3.90	(0.23)a .33b 0.18
Conscientiousness 3.81/3.83	(0.25)a 3.91/3.95	(0.25)a .01b 0.40
Social	Engagement
Attention	to	detail 1.82/1.95	(0.35)a 1.84/1.95	(0.34)a .75b 0.06
Attention	switching 1.78/1.95	(0.45)a 2.01/2.08	(0.33)a .001b 0.58
Imagination 1.82/1.95	(0.39)a 2.04/2.08	(0.28)a <.001b 0.65
Communication	skills 2.05/2.08	±	(0.34)a 2.17/2.20	(0.22)a 0.01b 0.42










































resulting	 in	 a	 “	 ceiling	 effect”	 for	 the	 subsequent	 influence	 of	 both	
hypogonadism	 and	 testosterone	 therapy	 on	 cognitive	 functioning.	




















































































and	 physical	 health	 (except	 for	 neurological	 disease),	 health-	related	







p- value Cohen′s d
69 69
Mean/median (SD) Mean/median (SD)
Intelligence 87.3/88.2	(12.4) 102.9/103.2	(11.6) <.001b 1.30
Working	memory
WAIS-	III	DS 2.60/2.56	(0.21)a 2.75/2.77	(0.17)a <.001b 0.79
WAIS-	III	LN 2.27/2.30	(0.33)a 2.44/2.48	(0.20)a .001b 0.62
RAVL	total 43	(21–66) 50	(29–70) 0.27 <0.001
3.75/3.78	(0.23)a 3.93/3.95	(0.20)a <.001b 0.84
Overall	working	memory	score −0.32/−0.42	(0.84) 0.33/0.28	(0.67) <.001b 0.86
Executive	function
WCST	cards 4.68/4.78	(0.20)a 4.52/4.44	(0.20)a <.001b 0.80
WCST	errors	(%) 3.32/3.30	(0.47)a 3.07/2.94	(0.45)a .001b 0.54
WCST	persev.responses	(%) 2.67/2.64	(0.44)a 2.40/2.30	(0.41)a <.001b 0.63










Neuroticism Extraversion Openness Communication Social skills Imagination
Social	engagement
Communication −0.145 0.224* −0.407** 0.481** 0.405**
Social	skills −0.125 0.106 −0.504** 0.714** 0.336**
Imagination −0.083 0.409** −0.169* 0.321** 0.421**
Overall	score −0.150 0.186* −0.494** 0.657** 0.400**
Working	memory
WAIS-	III	DS 0.042 0.596** −0.163 0.176* 0.182* 0.140 0.171* 0.202*
WAIS-	III	LN −0.083 0.524** −0.134 0.184* 0.231** 0.192* 0.149 0.208*
RAVL	total 0.001 0.441** −0.135 0.259** 0.306** 0.186* 0.242** 0.427**
Overall	score −0.005 0.636** −0.174* 0.244** 0.270** 0.187* 0.228** 0.338**
Executive	function
WCST	cards 0.050 −0.466** 0.186* −0.200* −0.239** −0.126 −0.331** −0.226**
WCST	errors	% 0.031 −0.415** 0.180* −0.174* −0.182* −0.123 −0.329** −0.201*
WCST	response	
%
−0.007 −0.396** 0.168* −0.172* −0.155 −0.121 −0.320** −0.203*
Overall	score 0.017 −0.444** 0.175* −0.194* −0.203* −0.120 −0.348** −0.228**
*p <	.05;	**p <	.01.
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drome	 (Berkovitz,	 Stamberg,	 Plotnick,	 &	 Lanes,	 1983),	 Prader	Willi	











intelligence	 and	 neuropsychological	 phenotype,	 as	 well	 as	 age	 and	
testosterone	treatment.	In	addition,	the	neuropsychological	profiles	of	
these	patients	correspond	well	to	the	profiles	of	patients	with	KS	in	
the	existing	 literature,	 supporting	 the	generalizability	of	 the	 current	
results	to	others	with	KS	who	have	been	identified.
This	 research	 involved	 a	 comprehensive,	 biopsychosocial	 study	




β coefficient t- score p- value
Personality
KS	Status −0.35 −3.74 <.001
Neuroticism 0.06 0.57 .57
Extraversion 0.08 0.84 .40




KS	Status −0.29 −3.50 <.01
Social	skills 0.07 0.69 .49
Communication −0.01 −0.12 .91




KS	Status 0.02 0.34 .74




KS	Status −0.46 −5.26 <.001






coefficient t- score p- value
Personality
KS	Status 0.28 2.82 <0.01
Neuroticism 0.00 0.01 0.99
Extraversion −0.05 −0.43 0.67




KS	Status 0.23 2.60 0.01
Social	skills 0.29 2.98 <0.01
Communication −0.16 −1.65 0.10




KS	Status 0.18 1.87 0.06




KS	Status 0.308 3.42 0.001
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examine	the	combined	effects	of	 intelligence,	personality,	and	social	
engagement	on	cognitive	performance	among	patients	with	KS	and	
controls.	 In	 addition	 to	 clarifying	 the	 respective	 roles	 these	 factors	
play	 in	working	memory	and	executive	 function,	 these	findings	also	
have	important	implications	for	strategies	to	improve	cognitive	perfor-
mance	among	patients	with	KS,	and	perhaps	in	the	general	population.	
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